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1. Introduction
While visual determinations are the benchmark for evaluating color
of meat and meat products and assessing consumer perception (Mancini
& Hunt, 2005), trained visual panels are not always possible. Thus, in-
strumental color analyses based on spectrophotometric and colorimetric
principles have been used extensively for meat and meat products. Sev-
eral options for instrumental color analysis are also available: (i) Minolta
chroma meter; (ii) Hunter Lab colorimeter and (iii) Dr. Lange colori-
meters. Until recently, Minolta colorimeters were the most widely used
brand of instruments for measuring meat color (59.7%) as recognized in
the review of Tapp, Yancey, and Apple (2011). However, for all colori-
meters the surface to be measured must be uniform and rather small
(~2–5 cm2) (Kang, East, & Trujillo, 2008) which influence bias in mea-
surements. We also know that in instrumental color determination the
increase of number of readings per sample (technical replicates) im-
proves the precision of color evaluation. The issue is that the guideline
which defines optimal number of technical replicates for colorimeter is
still unavailable (Holman, Collins, Kilgannon, & Hopkins, 2018).
Another problem is that optically non-homogeneous medium such
as meat or meat products, refract, reflect, diffuse and absorb the light
beam emitted by the colorimeter (Girolami, Napolitano, Faraone, &
Braghieri, 2013). Therefore, slight deviations in color readings (L*-
lightness; a*- redness; b*- yellowness) using the same colorimeter on
the same spot of meat or meat product, during replicates in not un-
common.
On the other hand, for computer vision system (CVS) meat color
analysis only a single digital measurement is needed for a valid eva-
luation of color, digital images explain surface variation in color, and
data retrieved from digital images can be transformed to numerous
color measurement systems (O'Sullivan et al., 2003). This have already
been explored and explained when the color of pork (Chmiel &
Słowiński, 2016; Chmiel, Słowiński, & Dasiewicz, 2011; O'Sullivan
et al., 2003), beef (Chen, Sun, Qin, & Tang, 2010; Zheng, Sun, & Zheng,
2006) or chicken meat (Girolami et al., 2013) was investigated.
However, processed meat products represent complex systems that
can be considered as a ‘matrix’ of interacting components. Properties of
the product on the macro-scale are determined by processes and forces
operating at the micro-scale (Tobin, O'Sullivan, Hamill, & Kerry, 2012).
The properties of meat and meat products as a medium for instrumental
measurements of color are significantly different. They also vary be-
tween different types of meat products.
In this study, fresh processed, raw cured, cooked cured, raw-cooked,
precooked-cooked meat products and raw (dry) fermented sausages
were exposed to color measurements by the standard colorimeter and
CVS. The goal of this study was to compare and contrast two color
evaluation methodologies (CVS vs. traditional colorimeter) using the
color assessments of 18 different processed meat products that varied in
surface texture and structural uniformity. We also wanted to investigate
whether the type of meat product influences its color evaluation in this
matter.
2. Materials and methods
2.1. Meat product samples and experimental design
Based on the treatment of raw materials and the individual pro-
cessing steps and taking into account the processing technologies used,
it is possible to classify processed meat products in six broad groups of
processed meat products (Heinz & Hautzinger, 2007). In our research,
within each product category, there were at least two and maximum
four representative samples adding together 18 different meat products
investigated (Table 1). Three products of every selected commercial
brand were randomly purchased at the supermarket.
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